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INTRODUCTION
After world war II the navies of many countries played a key role in fundamental research on stress and fatigue. For example, in the MrC Applied Psychology Unit at Cambridge, United Kingdom, naval ratings frequently acted as volunteers in laboratory studies of effects of noise or sleep deprivation [1] . This research was eventually extended to investigate the operational context and to attempt to find countermeasures that would maintain operational efficiency [2] [3] [4] . In onshore civilian populations there has recently been an enormous increase in research on occupational stress, fatigue and wellbeing which has not been seen to the same extent in naval personnel.
STRESS, FATIGUE AND WELLBEING IN THE NAVY
The literature on stress in the navy does cover topics other than military operational efficiency. For example, there has been research on the psychosocial and life stress characteristics of naval families [5] and on parenting stress in Navy active duty parents [6] [7] [8] . recent research has continued to examine acute response to stress in samples of naval cadets and ratings [9] [10] [11] [12] . Other research has evaluated methods of managing stress and shown that only educational stress briefs relevant for the target audience are beneficial [13] . There has also been interest in the use of virtual reality methodologies to develop Stress Inoculation Training (SIT) and Posttraumatic Stress Disorder (PTSD) treatment [14] . Other research [15] has documented the stress of military members and their families during different periods of deployment (pre-deployment; mid-deployment; and post-deployment). All phases reported suicidal ideation at very high rates (> 2%). Some studies have focused on specific operational roles (e.g. navy aviation personnel [16] [17] [18] ) whereas others have investigated all members of the crew [19] . There have been many studies of occupational stress and job satisfaction in civilian populations but relatively few in the Navy (e.g. [20] ). Similarly, stress and ill-health has been frequently studied in the general population but little research has been carried out with naval personnel (e.g. [21] [22] [23] [24] ).
Many of the studies of stress in naval personnel have also investigated fatigue [2, 3, 18] . Again, research has either focused on specific roles (e.g. naval aviators [25] ; commanding officers [26] , watch-keepers [27, 28] or a range of crew members [29] ) often in operational settings [30, 31] but sometimes in non-operational settings as well [32] .
research on the Navy and wellbeing has been more recent and much of it has considered negative outcomes such as mental health problems [33] [34] [35] [36] [37] and suicide [38, 39] .
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Comparisons have been made between specific roles (e.g. submariners) and a stratified sample of naval personnel [40] . However, other research has considered quality of life and extended this to naval nurses [41] and naval families [42] . The role of resilience and social support has also been investigated [43] , as has the buffering effect of sense of belonging [44] .
The next section discusses recent developments in stress, wellbeing and fatigue and considers the implication of these approaches for naval personnel.
RECENT APPROACHES TO STRESS AT WORK
The aim of this section is to review some of the research on stress and wellbeing at work that has been carried out in the last 10-15 years. The general approach adopted here is described in more detail in Smith [45, 46] . The starting point for this is a case definition of work-related stress [47] and this research considered the feasibility and possible nature of a case definition of work-related stress that is suitable for application in a variety of stakeholder domains.
A CASE DEFINITION OF OCCUPATIONAL STRESS
A case definition is needed in occupational health research as the basis for surveillance, and for monitoring the effectiveness of interventions. Cox et al. [47] examined definitions already applied in studies of work-related stress. They then identified key stakeholders and collected information on (I) the case definitions employed in their various fields and (II) their views on the feasibility of developing a single case definition that could cover all areas but remain consistent with epidemiological case definitions.
A case definition was arrived at by consensus across stakeholder groups and this case definition required the person to report: -high levels of stress; -unreasonable job characteristics; -mental health problems; -work-related problems (e.g. high sick-leave); -the above to be work related and not due to confounding factors. Cox et al. [47] suggested that this definition could be used for research purposes and it is supported by recent models of occupational stress. One such model, the Demands-resources-Individual effects (DrIve) model [48] is described in the next section.
THE DRIVE MODEL OF STRESS
This model is shown in Figure 1 . It has many of the features of earlier models of stress but puts a greater emphasis on individual characteristics and personal resources. The basic model included factors from the Demand-Control-Support (DCS) model, the effort-reward Imbalance (erI) model, coping behaviours, and attributional explanatory styles as well as outcomes including anxiety, depression, and job satisfaction. These variables were categorised as work demands, work resources (e.g. control, support), individual differences (e.g. coping style, attributional style), and outcomes, although the model is intended as a framework into which any relevant variables can be applied [48] . The simple DrIve model proposed direct effects on outcomes by each of the other variable groups, as well as a moderating Figure 1 . The Demands-resources-Individual effects model [48] effect of individual differences and resources on demands. A more complex version (the enhanced DrIve model) was also developed to acknowledge a subjective element and included perceived stress as well as further interactive effects. research using the DrIve model has supported the direct effects of these variable groups on outcomes, although little support was found for interactions [49, 50] . Stronger support of direct effects compared to interactions has also been found in research on other models such as the DCS model, where reviews have shown that the buffering effect of control and support are less frequently found than the direct effects of these variables on outcomes. research has also shown that many of the effects of job characteristics are mediated through perceived stress [51, 52] . The presence of independent effects of risk factors has led to another important methodological feature of stress research, the combined effects approach.
COMBINED EFFECTS OF OCCUPATION HAZARDS
There has been much previous research on a large number of workplace hazards, and for the most part the nature and effects of such factors have been considered in isolation. Such an approach is not likely to be representative of the real-life workplace where employees are often exposed to multiple hazards. For example, individuals are very unlikely to work in a noisy environment that does not also expose them to other stressors that have considerable potential to harm. There is limited information on the combined effects of these hazards on health and safety. Indeed, there have been no systematic literature reviews, no attempt to produce a coherent framework for studying these factors, and a dearth of studies using a variety of methods to investigate the topic.
The combined effects approach (see [53, 54] ) involved summing the number of negative job characteristics (or absence of positive job characteristics) to which a person is exposed. This "Total Negative Score" was then sub-divided into quartiles and logistic regressions used to examine associations between this score and the outcomes. Table 1 shows the associations between the total negative score and high stress at work. The lowest quartile was set as the comparison group and the odds ratios show that the likelihood of being in the high stress group increases as one goes from quartile 2 to quartile 4.
The above results show a linear relationship between total negative job characteristics and perceived stress at work. Mental health outcomes and accidents at work can also be examined in this way. Other results showed that a measure of exposure to combinations of workplace factors (the Negative Occupational Factors Score) was associated with a number of health and safety outcomes, many of which were consistent across different industry sectors. Some Table 1 . Associations between the total negative factors score (split into quartiles) and being in the high stress category (defined as reporting being very or extremely stressed at work).
Odds ratio
Confidence interval of the associations were due to perceived stress at work whereas others were direct effects. The combined effects approach has also been shown to be important in assessing specific problems in certain occupations (see section on seafarers' fatigue). In addition, it has strong implications for the development of stress management standards. Similarly, one can use the approach to examine wellbeing at work and address the question of what is a good job (or what factors are associated with greater wellbeing and/or the absence of negative outcomes) and research on this topic is described in the next section.
WELLBEING AT WORK: WHAT IS A GOOD JOB?
There is a huge amount of research on negative job characteristics, occupational stress and mental health problems. However, positive and negative emotions are not just the opposite ends of a continuum, and the absence of negative emotion does not mean the presence of positive emotion. recent approaches (e.g. [55] ) have suggested that "work is good for you." However, detailed consideration of the literature suggests that it is the absence of work that is bad for you. Indeed, work per se is not necessarily going to be good -but good work is good for you [56] . This then leads to the question of what is a good job. This could be answered in many different ways (e.g. from an economic point of view). However, within the present context the question is what psychosocial characteristics associated with work are associated with positive outcomes. A literature review [57] showed that, compared to the negative effects of work, there is very little published evidence on its positive effects. Indeed, the literature on positive aspects has many problems, such as a lack of theory, lack of data to support views and weak methodology. Measures of wellbeing are mainly outcomes and do not reflect the "wellbeing process", which is necessary to understand the topic.
Secondary analyses of large-scale surveys [58] compared the effects of the presence and absence of positive/ negative job characteristics. For example, the analyses considered questions such as: "Is the presence of social support good, the absence of social support bad, or are Andrew P. Smith, An update on stress, fatigue and wellbeing: implications for naval personnel both true?" This was done by splitting the scores into tertiles (three equal parts), using the mid-value as the reference value, and examining whether equal and opposite changes occurred at opposite ends of the continuum. The results from these analyses showed that dose response did not occur for all types of association. This shows that one must examine both ends of the continuum -presence of positive features and absence of negative features -rather than inferring the effects of one from the other. Additional survey data, including positive job characteristics, appraisals and outcomes were also collected [59] . The major question addressed was what predicts positive outcomes? Again, a combined effects approach was used and the "good job score", which best predicted positive outcomes (e.g. good health; wellbeing), was the sum of the presence of positive job characteristics and appraisals and the absence of negative characteristics and appraisals. An example of this can be seen in Table 2 . This shows that those with the highest good job score were nearly 23 times more likely to be in the high positive health group than those in the lowest good job category.
These pieces of research showed that there is a need for a multi-dimensional model of wellbeing at work that measures a wide range of job characteristics, job attitudes, individual characteristics and outcomes. This has been addressed by developing surveys involving short measures of a large number of concepts, and an example of this approach has been the development of the wellbeing Process Questionnaire (wPQ) which has been used to address many of the above issues [60] .
DEVELOPMENT OF THE WELLBEING PROCESS QUESTIONNAIRE (WPQ)
This relates back to the case definition of occupational stress, the DrIve model and the measurement of wellbeing. research on the wPQ showed that single items are often highly correlated with longer scales. This means that it is possible to have a single question measuring perceived stress, single items measuring job characteristics, and single items measuring health outcomes. In addition, possible confounding factors (e.g. personality, life outside of work) can be measured by single items. The single questions provide examples of the concept being measured and responses are made using a scale of 1-10 which allows a greater potential range of responses. An example is shown below: -"Job Demands: I feel that I do not have the time I need to get my work done (for example I am under constant time pressure, interrupted in my work, or overwhelmed by responsibility or work demands)" -response: on a 10-point scale from Disagree strongly to Agree strongly An initial study with a sample of University staff showed significant correlations between single items and full scales (average correlation for work characteristics: 0.7; average for personality: 0.66). The predictive validity was examined by testing the Job Demands-Control-Support and effort-reward Imbalance models with full scales and single items. very similar results were obtained (i.e. predictive validity of single items is comparable to full scales; at risk groups based on the models can be identified with single items). This approach also allows removal of overlapping constructs. Using single items enables one to use many more concepts but these often overlap and one can determine which variables remain in the model after all have been entered into the regression. Using this technique the following constructs remained in the model: Negative job characteristics: Demands; effort; Over-commitment. Positive job characteristics: rewards; Control; Support; Consultation on change; Good supervisor relationship. Positive life circumstances: Uplifts; Flourishing; Social support. Negative life circumstances: Hassles. Positive Personality: Optimism; Self-esteem; Self-efficacy; emotional stability. Negative Coping: Avoidance; Self-blame; wishful thinking.
Using the above variables selective effects were observed. Only certain variables predicted specific outcomes. For example, work characteristics were more important for job satisfaction and job stress, whereas personality is a better predictor of positive and negative affect. A great deal of research is in progress using the approaches described here to address additional themes. First, research has investigated stress and wellbeing at work in different sectors (call centres; the police; offshore; healthcare professionals). Second, additional constructs have been examined to see how these fit into the model (ethnicity; personality; and religion). Third, different outcomes have been investigated to determine whether the approach is appropriate for them (musculo-skeletal disorders; accidents and incidents). The research has also been extended internationally to determine which effects are general and which may be culture specific. Future research will also include using the approach to evaluate interventions that change working practices and offer occupation support [61] . The general approach outlined here is that there are some ge- neric models of stress and wellbeing that can be applied to a range of different occupations. Quite often the difficult part is knowing how a specific context translates into the more generic concepts. This will now be discussed in detail by considering seafarers' fatigue.
SEAFARERS' FATIGUE
Fatigue has been identified as a cause in major accidents such as the Herald of Free enterprise disaster and although there is relatively little information on recognising and managing fatigue specific to the seafaring industry, there is much that can be learned from guidance devised for other sectors. For example, the Health and Safety executive has produced various guides of its own on managing fatigue and also identifies Office of rail regulation guidance as being transferable to other safety critical industries. This includes Table 3 on the signs and symptoms of fatigue.
Despite an awareness that seafarers might be at particular and perhaps greater risk of fatigue than other workers because of the way that they work, until recently there has been very little research focused on them. The Cardiff Programme was one of the first studies intended to begin to fill this gap. It was designed to begin to build up a knowledge base on seafarer fatigue to: -predict worst case scenarios for fatigue, health and injury; -develop best practice recommendations; -produce advice for seafarers, regulators and policy makers. To achieve this the research included: a questionnaire survey of working and rest hours, and physical and mental health; a diary survey in which seafarers recorded their day-to-day sleep quality and work patterns; and on-board assessments of alertness and performance (such as reaction time). The questionnaire survey identified a large number of specific aspects of seafaring that were associated with fatigue. These included, for example, poor sleep quality, negative environmental factors (such as heavy seas and poor weather), high levels of job demands and stress, frequent port visits, exposure to physical hazards (such as fumes and noise) and long working hours. In particular, the survey showed that it was those who reported the greatest number of these factors that were most at risk of fatigue. In addition, seafarers who reported fatigue were more likely than seafarers who did not report fatigue to also report having poorer health, poorer well-being and reduced concentration levels, and to report having been involved in a collision. The on-board assessments showed that particular aspects of seafaring work, identified in the questionnaire and diary surveys as being risk factors for fatigue, had a detrimental impact on seafarers' levels of alertness and performance. For example, exposure to noise, working at night and a great number of days into tour were all associated with lower alertness levels and poorer performance. The diary study showed that fatigue increased most steeply during the first week of a tour. It then steadied but remained relatively higher than it was at the start of the tour. In order to consider recovery from fatigue, the survey also extended into leave. This showed that fatigue typically does not return to pre-tour levels until the second week of leave.
The Cardiff Programme showed that the potential for seafarers to experience fatigue is high because of the number of fatigue risk factors they are exposed to, many of which are unique to seafaring. More significantly, however, it made clear the importance of considering fatigue risk factors in combination -which of course, reflects the reality of seafarers' day-to-day working experience. The consequences can be felt by individual seafarers not only in the shortterm (in terms of fatigue symptoms including, for example, confusion, tension and loss of concentration), but also in the longer-term (being associated with the development of poorer physical and mental health and reduced well-being). They also impact on vessels, crews, cargos and the environment (for example as a result of collisions).
Smith et al. [62] describe risk factors for ship collisions and groundings. These included: -fatigue; -alcohol/substances; -illness; Andrew P. Smith, An update on stress, fatigue and wellbeing: implications for naval personnel -uncertainty about responsibilities; -communication problems; -poor communication between ships and/or authorities; -distraction; -poor bridge design; -inadequate means of navigation; -inadequate use of navigational aids; -overload; -alarms suppressed/ignored/misinterpreted; -lack of personnel; -external pressures; -poor weather conditions. Two important conclusions can be drawn from the list above. First, accidents are caused by multiple inter-related factors. For example, a lack of personnel may lead to an accident when weather conditions have been poor, as the crew have become fatigued. Fatigue in turn will lead to an increased likelihood of distraction, poor communication and overload. Secondly, in terms of reducing the likelihood of accidents, it's important to distinguish between causal and symptomatic factors. whilst fatigue is a cause of accidents, it sits in a chain of events and is rarely the initial, triggering factor. By contrast, core systemic factors such as manning need to be the focus of intervention.
THE WAY FORWARD
A main recommendation from the Cardiff fatigue research was that seafarers' fatigue should be treated as a health and safety issue. Demonstrating that fatigue is a multi-factorial process with wide ranging significant consequences also makes it clear that addressing fatigue requires a multi-level approach. Making specific, isolated recommendations to one level of the industry will have limited effect unless the bigger picture is considered. For example, it might be suggested to crew members that they ask for assistance if they feel fatigued. A broader perspective would recognise that this may not be possible if the ship is under-manned. The reason the ship is under-manned may be because of market conditions and competition with other companies who operate with fewer crew. The reason for ships having fewer crew may be because of competition between flag states for registration, which has allowed manning levels to decrease. recommendations which ignore these wider factors will be of little value to the industry. At the highest level, international legislation is essential in combating excessive working hours. The evidence suggests that existing efforts to date have been inadequate. establishing standards both for measuring fatigue and for recording and auditing actual working hours would undoubtedly accelerate progress. As the research has shown, fatigue is much more than working hours, but knowing how long seafarers are working is critical in terms of evaluating how safe operating standards are, and current working hours recording systems have been shown to be inadequate.
TO FINISH WITH A POSITIVE MESSAGE
recent research on stress, fatigue and wellbeing has some clear implications for naval personnel. Audit tools are now available and can be used to assess these factors over time. Longitudinal studies are important because they provide a clearer indication of causal links and such studies have been carried out successfully using the measuring instruments described in this paper. These measuring instruments should include surveys, diaries and objective measurement of cognitive performance and physiology. Indeed, the development of microbiological techniques suggests that a simple objective stress test may be getting closer. Objective cognitive testing can now also be carried out in remote locations and this can be supported by other forms of mobile recording.
Developments in education and training will also help those who are working away from home. Use of appropriate working away strategies can improve quality of life and subsequent wellbeing [63] . This can now be developed into an educational programme that enables better coping with being away from home. Stress or fatigue training has also now become more sophisticated and one successful approach [64] has the following format: 1. education -providing appropriate information about stress or fatigue; 2. Personal relevance -getting the person to consider their own stress and fatigue; 3. Nudges to prevent or reduce these problems -consider small manageable changes rather than trying to completely change the job; 4. Personal commitment -this is a crucial part of training which will lead to use of the approach at a later date.
